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cense.Abstract Newly ecdysed 5th instarSchistocerca gregarianymphswere orally treatedwithLC75 of the
chitin synthesis inhibitor teﬂubenzuron (135 ppm) for 24 h; subsequently they were offered an
untreated diet for the duration of this instar. Ultrastructural observation of the cuticle in 7 day old
untreated 5th instar desert locust nymphs showed that the moulting events had already began.Mean-
while, in treatednymphsof the sameage, theultrastructure of the integument showed that themoulting
process was delayed, as no new chitin lamellae of 5th instar were formed and lamellae of the previous
instar were still evident. Furthermore, a protein matrix was observed as a homogenous layer with the
lack of chitin and occurrence of vacuoles and abundance of mitochondria. The cuticle dry weight in
treated 8 day old nymphs was signiﬁcantly less than that of the control, (i.e. 8.5 and 15 mg/nymph,
respectively). Furthermore, in 8 day old treated 5th instar nymphs, chitin and total soluble protein
content were 4.5 and 4.85 mg/ nymph, respectively. These weights were also highly signiﬁcantly less
than their equivalent control being 8.5 and 7.85 mg/nymph for chitin and total soluble protein, respec-
tively. Inhibition in chitin and protein synthesis was calculated to be 88.9% and 61.85%, respectively,
in 8 day old 5th instar nymphs following their treatment with LC75 concentration of teﬂubenzuron.
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  Introduction
The desert locust, Schistocerca gregaria (Forskal), (Orthoptera:
Acrididae), threatens the agricultural production more signiﬁ-
cantly throughout Africa, Middle East, Asia and Australia
(Lomer and Prior, 1992; Steedman, 1990). The primary method
of controlling desert locust is with insecticides applied by
vehicle mounted and aerial sprayers in locust affected areas,
however, chemical control is expensive and environmentally
damaging (Everts, 1990). Insect growth regulators (IGRs) are
2 A.A. Al-Mokhlef et al.less toxic and are compatible with insect pest management, and
also reduce the pollution of food and environment. These com-
pounds have a speciﬁc mode of action on insects and a lower
toxicity against vertebrates than conventional insecticides
(Gupta and Verma, 1992; Grenier and Grenier, 1993).
The present investigation was undertaken to evaluate the
effect of a chitin synthesis inhibitor, teﬂubenzuron, on the
ultrastructure and components of the integument in 5th instar
S. gregaria nymphs.Materials and methods
Maintenance of insect culture
The original culture of the desert locust S. gregaria (Forskal)
(Orthoptera: Acrididae) in the gregarious phase, mainly eggs
and adults were obtained from the Locust and Grasshoppers
Research Department, Agriculture Research Center, Doki,
Giza, Egypt. This insect culture was periodically fortiﬁed with
desert locusts brought from the New Valley every year.
The immature and mature insects of the desert locustS. gre-
garia (Forskal) were reared under laboratory conditions of
30 ± 2 C, 70 ± 5% RH and 12:12 photoperiod according
to the method described by Hunter-Jones (1961).
Chemical tested
Common name: teﬂubenzuron
Trade name: Nomolt
Chemical structure: 1-(3,5-dichloro-2,4-diﬂuorophenyl)-3-
(2,6-diﬂuorobenzoyl) urea
Chemical formula: C14H6Cl2F4N2O2
From a previously conducted bioassay, by using the
dipping technique, the LC75 concentration of teﬂubenzuron
on 5th nymphal instar of S. gregaria, was determined and its
value was found to be 135 ppm.
Treatment of 5th instar S. gregaria nymphs with LC75 of
teﬂubenzuron
Newly ecdysed 5th instar nymphs of the desert locust were fed
for 24 h on Egyptian clover leaves, Trifolium alexandrinum
dipped for 15 s in the determined LC75 aqueous concentration
(i.e. 135 ppm) of teﬂubenzuron. Subsequently, nymphs were
reared on untreated clover leaves until the termination of the
nymphal stage.
Ultrastructure of the integument
Under laboratory conditions of the present work, the 5th in-
star lasted an average of 8 days. Therefore, in 7 old nymphs,
(prior to ecdyses by nearly 12–18 h), nymphs were anaesthe-
tised then dissected, the integument of the 1st abdominal seg-
ment was carefully cut and cleaned from any fat body or
adhering tissues, then quickly ﬁxed in 3% phosphate buffered
glutaraldehyde (pH 7.3) for 2 h. The specimens were then post
ﬁxed in 1% osmium tetroxide for 1 h at 4 C (Brissan et al.,
1996). Subsequently the specimen was washed twice in the buf-fer then dehydrated in an ascending series of ethanol followed
by clearing in toluene (Spurr, 1969). Specimens were embedded
in Epon, subsequently thin sections (700 A˚) were cut using an
ultratome then mounted on copper grids. Sections were stained
with uranyl acetate and counter stained with lead citrate,
(Reynolds, 1963). Sections were examined with Joel 1010
transmission electron microscope. The same procedure was
carried out on untreated 5th instar nymphs at a similar age.
Determination of cuticular dry weight, chitin and protein content
Two, 4, 6 and 8 day old 5th instar nymphs fed for 24 h on clo-
ver leaves dipped in LC75 concentration of teﬂubenzuron, 10
treated nymphs were collected (for each age) and anaesthe-
tised. Their heads were removed as well as all body appendages
before being dissected; all body organs and contents were re-
moved and the cuticle from the thorax and abdomen was care-
fully cleaned from all adhering tissues. The removed cuticle
was rinsed in Ringer solution then placed in an oven set at
110 C and observed until the cuticle reached a constant
weight. Subsequently, the dry weight of the cuticle was re-
corded. Chitin and total soluble protein were assessed in the
cuticle of treated nymphs according to the method described
by Hackman and Goldberg (1971) and Emam (1999). Concur-
rently, the same procedure was conducted on untreated S. gre-
garia 5th instar nymphs at similar ages, comprising the same
number of nymphs. The experiment was replicated three times.
Statistical analysis
All results were subjected to analysis of variance using Anova
and ‘t’ test.
Results
The ultrastructure of the integument in 7 day old 5th instar
untreated nymphs show that the moulting event had already
began. As seen in Fig. 1, the presence of the old cuticulin and
inner epicuticle layers were evident. Furthermore, below these
layers loose lamellae of the old cuticle in the process of diges-
tion were observed. The deposition of the new cuticle was under
way, the new epicuticle and procuticle were evident but appar-
ently not yet completed as the golgi apparatus is seen to be still
active as evident by the presence of vesicles in their proximity.
These vesicles will be in charge of forming the inner epicuticle
or matrix of the procuticle. The nucleus in the epidermis cell
also shows abundance of chromatin just below the nuclear
membrane, presumably to be transferred into the cytoplasm.
The ultrastructure of the cuticle in 7 day old treated
nymphs treated with LC75 concentration of teﬂubenzuron
showed that their moulting event was delayed. As seen in
Fig. 2, the presence of a relatively thick layer of lamellae was
still evident, which was formed in the previous instar. Beneath
these lamellae a homogenous layer was depicted, suggesting a
protein matrix and lack of chitin, as affected by the chitin syn-
thesis inhibitor teﬂubenzuron. Treatment caused the occur-
rence of vacuoles both large and small in the epidermal cells
and an abundance of mitochondria which suggest the exhaus-
tion of the epidermis cells, (Figs. 3 and 4). Some lipid droplets
could be observed in the cytoplasm and the nucleus encloses
some clumped chromatin (Fig. 4).
Fig. 2 Micrograph in the cuticle of 7 day old 5th instar desert
locust nymphs treated with LC75 teﬂubenzuron (·15,000). C:
cuticulin; Epi: epicuticle; Hl: homogenous layer; L: lamellae
formed in previous instar. M: microvilli; Epd: epidermis.
Fig. 3 Micrograph in the epidermis of 7 day old 5th instar desert
locust nymphs treated with teﬂubenzuron (·12,000). Abundance
of mitochondria (M) and vacuoles (V).
Fig. 1 Micrograph in cuticle of untreated 7 day old 5th instar
desert locust nymphs (·15,000). Oc: old cuticulin; Oie: old inner
epicuticle; OP: old procuticle; Nc: new cuticulin; Np: new
procuticle; G: golgi; Epd: epidermis; N: nucleus.
Fig. 4 Micrograph in the epidermis of 7 day old 5th instar desert
locust nymphs treated by teﬂubenzuron (·4000). N: nucleus. Ch:
chromatin. L: lipid droplet.
Effect of teﬂubenzuron on ultrastructure and components of the integument in Schistocerca gregaria (Forskal) 3It’s noteworthy, that adult emergence of 5th instar nymphs
treated with LC75 concentration of teﬂubenzuron was delayed
by approximately 36–48 h to those in their equivalent control.
Furthermore, the percentage of adult emergence in treated 5th
instar nymphs was only 25%, and death of nymphs occurred
at ecdysis and failure to shed their exuviae.Cuticle components in 5th instar desert locust nymphs untreated
and treated with LC75 of teﬂubenzuron (135 ppm)
The cuticle in insects is mainly composed of two major compo-
nents, chitin and protein.
Cuticular dry weight
As seen in (Table 1 and Fig. 5a), cuticle dry weight in untreated
5th instar nymph was characterised by a notable gradual
Table 1 Cuticle dry weight, chitin and total soluble protein (mg/nymphal cuticle) in 5th instar desert locust nymphs untreated and
treated with LC75 concentration of teﬂubenzuron.
Age of 5th instar
nymph (days)
Cuticle dry wt. (mg) Chitin (mg) Total soluble protein (mg)
Control Treated t Control Treated t Control Treated t
2 7.14d 6.7c 2.5no 3.14d 2.8c 3no 4d 3.85c 3no
4 11.14c 7.57b 25.6** 5.8c 3.5b 39.8** 5.2c 4.4bc 17.5**
6 14b 8.5a 23.8** 7.14b 3.8b 23.9** 6.85b 4.7b 32**
8 15a 8.5a 94** 8.5a 4.5a 44.9** 7.85a 4.85b 44**
F 1645** 115* – 802** 116* – 5253** 47* –
LSD 0.39 0.39 – 0.37 0.30 – 0.33 0.32 –
Small letters express statistical analysis in each time of investigation (age of nymph).
No, *and ** express statistical analysis between control and treated nymphs at same age.
4 A.A. Al-Mokhlef et al.increase from 7.14 mg in 2 day old nymph to 11.14, 14 and
15 mg in 4, 6 and 8 day old nymph, respectively. A high signif-
icant difference was detected in the bi-daily cuticle dry weight
during an 8 day period.
After 24 h following treatment of 5th instar nymphs with
LC75 teﬂubenzuron (i.e. in 2 day old 5th instar), the cuticle
dry weight was 6.7 mg, which was insigniﬁcantly increased to
7.57 mg in 4 day old nymph. In 6 day old nymphs cuticle drya
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Fig. 5 Cuticular dry weight, chitin and total soluble protein
content in 5th instar S. gregaria nymphs untreated and treated
with LC75 concentration of teﬂubenzuron.weight was signiﬁcantly increased to 8.5 mg with no further in-
crease on the 8th day, this value was nearly half of that de-
tected in the control, (Table 1 and Fig. 5a). At the
termination of 5th instar treated with teﬂubenzuron caused
76.47% inhibition in cuticle dry weight of treated 5th instar
nymphs to those in untreated nymphs (Table 2 and Fig. 6).
Chitin content
As seen in (Table 1 and Fig. 5b), the mean chitin content in the
cuticle of an untreated 2, 4 and 6 day old 5th instar S. gregaria
nymph was 3.14, 5.8 and 7.14 mg, respectively. This value was
increased to 8.5 mg in 8 day old nymph, which was prior to
adult emergence by approximately 12–18 h. The difference be-
tween each of these weights (with the advancement in the age
of 5th instar nymphs) was found to be highly statistically
signiﬁcant.
Meanwhile, as exhibited in (Table 1 and Fig. 5b), the mean
chitin content in 2 day old 5th instar nymphs treated with LC75
concentration of teﬂubenzuron was 2.8 mg which exhibits a
12.14% chitin inhibition, (Table 2). In the following days,
the chitin content in treated nymphs, was only slightly in-
creased than its previous value, i.e. to 3.5, 3.8 and 4.5 mg in
4, 6 and 8 day old 5th instar nymph, respectively, which was
highly signiﬁcantly less than their control, depicting an inhibi-
tion of 65.71%, 87.9% and 88.9% in chitin synthesis as a result
of treatment (Table 2 and Fig. 6).
Total soluble protein content
Total soluble protein content in the cuticle of untreated
nymphs was characterised by a notable gradual increase from
4, 5.2, 6.85 to 7.85 mg in 2, 4, 6 and 8 day old 5th instar
nymphs (Table 1 and Fig. 5c). The difference between these
weights was highly signiﬁcant, as total soluble protein wasTable 2 Inhibition percentage of cuticular dry weight, chitin
and total soluble protein content in 5th instar S. gregaria
nymphs treated with LC75 concentration of teﬂubenzuron.
Age of 5th instar
nymph (days)
% Inhibition
Cuticle dry
weight
Chitin Total soluble
protein
2 55.56 12.14 3.9
4 47.17 65.71 18.2
6 64.7 87.9 45.74
8 76.47 88.9 61.85
Fig. 6 Inhibition percentage in cuticle dry weight, chitin and
protein content in 5th instar S. gregaria nymphs treated with LC75
concentration of teﬂubenzuron.
Effect of teﬂubenzuron on ultrastructure and components of the integument in Schistocerca gregaria (Forskal) 5approximately doubled from the beginning to the end of this
last instar.
In a 5th instar newly emerged nymph treated with LC75
concentration of teﬂubenzuron, 24 h following treatment, i.e.
2 day old nymph, total soluble protein content was 3.85 mg
which was insigniﬁcantly less than that of the control. In 4, 6
and 8 day old 5th instar nymph, the total soluble protein con-
tent was insigniﬁcantly increased to 4.4, 4.7 and 4.85 mg, in the
respective mentioned periods. As exhibited in Table 1 and
Fig. 5c, total soluble protein content was highly signiﬁcantly
less than their equivalent control, as treatment with LC75 con-
centration of teﬂubenzuron led to a 18.2%, 45.74% and
61.85% inhibition in the protein content in 4, 6 and 8 day
old 5th instar nymphs respectively(Table 2 and Fig. 6).
Discussion
The chitin synthesis inhibitor teﬂubenzuron disrupted the cel-
lular structure of the integument and component of the cuticle
in treated desert locust 5th instar nymphs. This effect was later
conﬁrmed in ecdysial failure and lead to the insect’s mortality.
The reduced amounts of chitin in the cuticle, as determined in
the biochemical study, appear to culminate in the death of the
insect at the moult, apparently because the larva lacks the abil-
ity to escape from the old cuticle. Clarke and Jewess (1990)
suggested that this was probably the result of a lack of skeletal
rigidity necessary for muscle attachment and action. Leptino-
tarsa decemlineata (Say) larvae treated with the chitin inhibitor
Diﬂubenzuron exhibited thinner lamellae and a procuticle
thickness less than half of that of the untreated larvae, with
no lamellar appearance to the procuticle, (Hegazy et al.,
1989). Also, Musca domestica L. larvae fed on a diet treated
with Diﬂubenzuron exhibited disruption in the formation of
chitin microﬁbres and the procuticle lacked lamellae (Hegazy
and Degheele, 1992).
In the present work, following treatment of S. gregaria
nymphs by teﬂubenzuron, vacuoles were observed in the epi-
dermal cells and an increase in the number of mitochondria.
The vacuoles could be as a result of toxiﬁcation as suggested
by Ker (1978). Mitochondria are considered as the ‘power
house’ which supply energy for many chemical reactions andtransport mechanisms in the cell and their numbers and we ob-
served an increase in the integument of treated nymphs.
Smagghe et al. (1997) had also observed in Chrysodeixis
chalcites larvae treated by Tebufenozide, a dramatic increase
in endoplasmic reticulum, increase in the volume of nucleus,
and the presence of numerous oval and elongated
mitochondria.
A signiﬁcant decrease in the cuticle dry weight occurred in
S. gregaria nymphs treated by teﬂubenzuron giving 76.47%
inhibition towards the termination of the 5th instar. Similar re-
sults were reported in other insect species treated with chitin
inhibitors, e.g. Piers brassica (Deul et al., 1978),Manduca sexta
(Auda et al., 1989), Spodoptera littoralis (Emam and Degheele,
1993) and Agrotis ipsilon (Emam, 1999).
Chitin content in S. gregaria nymphs treated by teﬂubenzu-
ron was found to be markedly reduced leading to 88.9% inhi-
bition. This observation could be correlated with degradation
in chitinase enzyme activity as suggested by Clarke and Jewess
(1990). Previously, Ker (1977) related severe reduction in ami-
no acid and glucosamine contents, (which reﬂects the chitin
content) in the cuticle of S. gregaria after treatment with
Diﬂubenzuron.
The results of the present work seem to suggest that
teﬂubenzuron may have disturbed the transport system of
the ﬁnal precursor Uridine-di-phosphate – N-acetylglucosa-
mine which were enzymatically synthesised from acetylgluco-
samine in epidermal cells as evident by the impairment in the
epidermal layer of the integument of treated nymphs.
Protein content in S. gregaria nymphs treated with LC75
concentration of teﬂubenzuron was signiﬁcantly less than their
equivalent control. It could be suggested that protein produc-
tion or protein level could be a consequence of a reduced
amount of cuticle chitin. Emam and Degheele (1993) found a
difference in the protein pattern of the cuticle in 6th instar trea-
ted S. littoralis treated and untreated larvae. Cuticular soluble
protein content in many species was reported to be affected by
the treatment by IGRs, e.g. S .littoralis larvae (Emam, 1999),
Heliothis virescens larvae (El-Refai and Degheele, 1988),
Tribolium castaneum (Salokhe et al., 2006), silk worms (Etebari
et al., 2007), the mealybug Ferrisia virgata (Ezz and Fahmy,
2009). Meanwhile in other insect species, cuticular protein
was not affected by IGRs treatment e.g.M domestica (Ishaaya
and Casida, 1974); Locusta migratoria (Hunter and Vincent,
1974) and L. decemlineata (Grosscurt and Anderson, 1980).
In the summation of the results of the present work, the
application of LC75 concentration of the chitin inhibitor tef-
lubenzuron on nymphs of S. gregaria induced histological
changes in the cuticle. Also, two important components, chitin
and total soluble proteins, were signiﬁcantly reduced. These
two components are involved in growth and developmental
processes of the insect, leading to death of the nymph at ecdy-
sis. Such a compound could prove valuable in an integrated
desert locust control programme.References
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